Abstract
25
In this paper we solved a five spaced/pentafurcated waveguide problem. Simi-26 lar duct designed problem has been solved by Hassan et al [24] by taking rigid 27 boundary conditions on all plates while in our work the nature of outer plates 28 are soft. To make the analysis simple and to get first hand approximation of 29 the reflected field in actual system, we took pressure-release condition on outer 30 plates. We split waveguide into six regions for convenience. Potential func-31 tions in these regions were found by using Linton and Mclver's approach [10] .
32
We used eigenfunction expansion to get six infinite set of unknown coefficients 33 which were determined by MATLAB programming [32] . In appendix we have 34 given solution for a three spaced duct problem by following the same procedure. We investigate the acoustic reflection of a lowest wave mode which comes out 5 from a semi-infinite pipe |y| < a, x < 0. Figure 1 shows the schematic geometry 6 of the problem. The configuration of the pentafurcated problem is such that 7 a semi infinite hard trifurcated duct is placed symmetrically inside the infinite 8 soft duct. The sound source field, which propagates modes along |y| < a is 9 located at (x 0 , y 0 ), (x 0 < 0, |y 0 | < a). The acoustic pressure and velocity are 
We solve (2.2) for φ(x, y) subject to BCS: 
Here the solution of (2.2) is given by
A n e −ᾱnxi ψ n (y) (3.1) 4 which satisfies (2.3), (2.4) and (2.5). Eigenvalues, associated eigenvalues and 5 eigenfunctions in region 1 are defined by
respectively. The eigenvalues α n are the solutions of
The eigenfunctions ψ n (y) satisfy The eigenfunctions ξ n (y) satisfy
The general potential is given by
B n e −β n xi ξ n (y) (3.6) 9 which satisfies (2.2), (2.4) and (2.5) where
Here general potential is
which satisfies (2.2), (2.4) and (2.5). The associated eigenvalues are
and incident wave e γ 1 xi η 1 (y) is excited in the lowest mode propagating from
sin 2γ n a = 0.
19
The eigenfunctions η n are given by
In this region C n are the reflected field amplitudes. Here |R| = |C 1 | is the Here the general potential satisfying (2.2), (2.4) and (2.5) is given by
where the eigenvalues β n are same as given in region 2. The eigenfunctions
satisfy the orthonormal relation
The general potential which satisfies (2.2) , (2.3), (2.4) and (2.5) is
where the eigenvalues α n are same as given in region 1.
12
The eigenfunctions σ n in region 5 are defined by
The general potential which satisfies (2.2), (2.3) and (2.5) are given by The continuity of the pressure across regions 6 and 1 at x = 0 gives
Multiplying by ψ m , integrating over [−d, −b] and using (3.3), the above equation
The continuity of the pressure across region 6 and 2 at x = 0 gives
F n n .
13
Integrating over −b ≤ y ≤ −a after multiplying by ξ m and using (3.5), the 14 above equation becomes
where 17
The continuity of the pressure across region 6 and 3 at x = 0 gives
Integrating over |y| ≤ a after multiplying by η m and using (3.11), the above
The continuity of the pressure across regions 6 and 4 at x = 0 gives
Integrating over a ≤ y ≤ b after multiplying by ζ m and using (3.13), we get , ω n = β m .
15
The continuity of the pressure across region 6 and 5 at x = 0 gives
17
Integrating over b ≤ y ≤ d after multiplying by σ m and using (3.16), we obtain regions at x = 0 give the following set of equations • Calculate eigenvalues α n , β n , γ n and associated eigenvalues α n , β n , γ n . 
where complex conjugate is denoted by * and Ω is the region |y| ≤ d, |x| < ∞ 6 with discontinuity for the semi-infinite duct. This may not be difficult to obtain 7 the equation:
We have worked out the problems of tri and penta furcated exhaust models This pentafurcated problem can be solved by using Wiener Hopf method.
8
One can also extend this model to fluid flow. The presented models will be 9 valuable in designing practically efficient exhaust systems.
10
Appendix A: Eigenfunction Expansion for Trifurcated Duct
11
We give a brief description of trifurcated problem previously solved in [5] 12 using Wiener Hopf technique. We will use the same procedure as we used for 
24
The eigenfunction expansion in region 2 {|y| < a, x < 0} is − k 2 so that Reβ n = 0 and Imβ n > 0 for n > 2.
3
The eigenfunction in region 3{a < y < d, x < 0} is given by
where eigenfunctionsσ n (y) are
The eigenfunction in region 4{|y| < d, −∞ < x < ∞} is given by 
